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This invention relates to the production of

8 electricity by direct combustion of a gaseous fuel
in what is known as a ‘“‘gas cell”.

It is well known that an electromotive force is’

produced when oxygen and a combustible gas are
in contact with suitable electrodes and a suitable
10 electrolyte in such a manner that the gases can-
not mix, If the electrodes are connected by a
~conductor an electric current will flow through
the cell and the outer circuit.
The source of this current is the chémical en-
18 ergy, which is liberated by the oxidation of the
combustible gas or of the fuel in general. The
oxygen which is required for this combustion is
transported by the electrolyte from the oxygen
electrode to the gas electrode. It is obvious that
20 only such electrolytes will be suitable for this
transport of oxygen, which contain oxygen as a
constituent, that is to say, which are suitable to
produce anions containing oxygen, such as for
instance sodium sulphate or sodium carbonate.
25 Any kind of fuel gas may be used, such as hy-
drogen, carbonmonoxide, methane, coal gas, nat-
ural gas, water gas, ete.
The anion causes the oxidation of the fuel and
liberates negative electrons to the gas electrode,
80 imparting to this a negative charge. At the
same time the cation liberates its positive charge

on the oxygen electrode and is oxidized by the

oxygen present at this electrode, thus leaving the
composition of the electrolyte unchanged.

8 (1) 2Na++ 1402=Na20+4-2+
(on the oxygen electrode)
2) (@) COs—+CO=2C024-2—
() COs—+Ha=CO2+4H204+2—
(on the gas electrode)
40 (3) Naz04C02=NasCOs

(regeneration of Na2C03)

It may be assumed that sodium carbonate is
used as an electrolyte, forming Na+-ions and
CO3s——-ions. The composition of the electrodes
is of no importance in these considerations.

If CO or H: is passed to tiie gas electrode, this
gas will have a reducirnig action on the CO3——-ion
and a very small amount of this anion may be
reduced. At the same time its electric charge
will be liberated to the said gas electrode, im-
parting to the latter a negative charge. The
charging of the electrode will cease after an
equilibrium between the electrostatic energy on
the electrode and the chemical energy of the
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gaseous fuel has been obtained. The correspond-
ing process will take place on the oxygen -elec-
trode,- the cation will be converted to sodium
oxide and its positive charge liberated until equi-
librium between the electrical and chemical en-
ergy is obtained. On discharging the electrodes
by connecting them through a conductor, the
processes on both electrodes will proceed as long
as gas and oxygen are available. In oxidizing
one gram-molecule of CO two faradays of elec-
-tricity (296540 ampere seconds) are produced,
while the voltage obtained depends on the free
energy liberated during oxidation. This free en-
ergy varies somewhat with the temperature at
which the process is operated.

In order to explain the process fully we must
assume that on the gas electrode carbon dioxide
is formed from the electrolyte, while on the oxy-
gen electrode an equivalent amount of sodium
oxide is produced. The sodium og{id& is trans-
ferred to the gas electrode and there absorbs or
reacts with the carbon dioxide, regenerating so-
dium carbonate. Also small amounts of sodium
hydrate or hydroxide may be formed if steam is
present on the gas electrode or when hydrogen is
chiefly used as a fuel.

Various attempts have been made in the past
to construct fuel cells for practical purposes.
These attempts may be divided into two classes,
those using agqueous solutions as an electrolyte
and operating at room temperature (20° C.) while
the other method use molten salts as an elec-
trolyte and a temperature above the melting tem-
perature of the latter. The fuel cell which I
have invented belongs to the second class. In
this class the most important conditions for op-
erating and constructing a fuel cell, which re-

' quires careful attention, comprise:

(@) The fuel gas and the oxygen must react
readily on the electrodes in order to become elec-
tromotively active. The tendency of these gases
to react, which is very slight at ordinary tem-
perature, increases however when the tempera-
ture of operation of the cell is increased.

(b) The composition of the electrolyte must
not be changed through chemical reaction with
the fuel gas, its products of combustion and oxy-
gen. Also it must not be changed by physical
factors, such as evaporation.

(c) The electrode material for the cell must
neither be attacked by the fuel gas, its products
of combustion and oxygen, nor by the electrolyte.

(@) The construction material for the cell
must not be attacked by the electrolyte at the
operating temperature of the cell.
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(e) Absolute gas tightness is required in order
to avold any mixing of the fuel gas and oxygen.
Unfortunately the number .of electrolytes
which may be used with advantage at increased

‘temperatures is very limited, especially by the

. requirements of item b. In previous processes
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alkall metal carbonates were used as an elec-
trolyte, which gave satisfactory results with re-
gard to the chemical stability of this compound.
However the melting temperature of sodium and
potassium carbonate is exceptionally high and
even their mixture of 50 molar per cent of each

' gubstance melts at 704> C. A cell in which this
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electrolyte would be used would have a working
temperature of nearly 800°-C., a temperature
which is too high to make the construction and
operation of a large scale cell commercially feasi-
ble. 'The chief disadvantages involved in too
high a temperature are: -

(@)  Metals which must be used In various
places of the cell as electrodes, terminals, cas-
ings, pillars, etc., are subject to & high corroding
action, .

(b) The eléctrolyte has an excessive vapor
pressure and its evaporation may have various

undesired consequences, for instance the cell

may dry out. .

(¢) The refractory material which must be
uséd in any case in the construction of a fuel
cell 1s subject to excessive corrosion by the elec-
trolyte, except in the case where very pure mag-
nesla bricks are used, which however are Very
expensive. .

(@) The uniform and economical heating of
the cell would provide many difficulties.

1 have invented a new process for the produc-
tion of electricity in gas cells, in which the above
mentioned difficulties consequent upon too high
» temperature are satisfactorily overcome. In
this process an electrolyte of relatively low melt-
ing temperature is applied, whereby entirely new
conditions for the construction and operation of
fuel cells have been produced.

The new electrolyte consists of carbonates of
the alkali and alkaline earth metals to which
halide salts of the alkall and alkaline earth
metals are added as a neutral solvent, which
among other solvents gave the greatest satis-
faction. It will be understood that numerous
‘mixtures and combinations of these chemicals
may be made.
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duce @ certain definite salt mixture from various

raw materials, provided that the quantities of
the single ions that are introduced into the mix-

ture are always the same. For instance, it may
seem to be desirable by economic or other con-
siderations to replace the amount of KCl in II
by a corresponding amount -of BaCla. This
necessitates the reduction in the amount of

BaCO: by an equivalent amount of barium-ion, °

while the equivalent amount of COs-fon is intro-
duced as potassium-carbonate.

By means of these electrolyte mixtures it be-
came possible to operate fuel cells at tempera-
tures between the melting temperature of the
electrolytes and about 700° C., which from prac-
tical reasons may be considered to be the upper
limit at ‘which Industrial scale cells could be
operated. The ordinary operating temperature
for the process may be considered to be at about
550 to 650° C.

The new conditions for the construction and

" operation of the new fuel cell may be summarized

as follows:
- At the melting temperature of the electrolyte

" an evaporation of this practically does not exist

and at the working temperature of the cell at
about 550 to 650° C., the evaporation is negligible.
Cheap metals, such as iron or calorized iron may
be used with advantage as a construction mate-
rial for the cell, its heating arrangements and
for devices for heat exchange between incoming
and outgoing gases. The high degree of heat
economy which thus becomes possible without
any appreciable difficulty, will contribute greatly
to the efficiency of the process. Also the more
common kinds of refractory material may be
used without danger of corrosion.
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The new electrolyte had to undergo very thor---

ough tests, because it could be considered as
satistactory only if those substances which are
admixed to the carbonates as a solvent, would
not produce any chemical polarization in the cell
and proved to be entirely neutral. That the ad-
mixed halide salts of the alkall and alkaline
earth metals are really neutral may be seen in the
fact that hydrogen and carbon monoxide gave
almost the theoretical electromotive forces in a

néw electrolyte were tested together with oxy-
gen-electrodes of nickel, nickel-chromium-steel

" and magnetite and gas electrodes of nickel, 1ron

_ Several examples of mixtures which are suig- 3nd carbon. '
- able for industrial application will give a clear '
idea of the usefulness of the new electrolyte: Electromotive force st 000° C, | Opqurved | Theoretical
‘ In percent by weight Hydrogen L 116
Carbon xide L0t 1.00
Ito|lmjv] v |vijvovaorn Ix - : ,

—— The theoretical electromotive forces and those
gﬁg.. ........ 27.4| 87. 2[ V.| NN TS NN 9.1 experimentally produced are sufficiently in agree-
R A SRS R e, N s ke e, rom tis

Be e o miman . 8] g ’ . [+ on o gas D . m
5{3’“ """" ::::l o ’:3-1—; zu|eox. -reason the electrolyte must be considered as
L e R e specially suitable for being used in fuel cells.
< — PLAYRY S3wa b NN 0 Whereas I bave described my inventionh B

B SO N 1 - M 11 rel iace to specific forms thereof, it will be
Mel t-la3s 475|510 (510 (485 (470 (557 887 [s47°C. eren ’ :
Hne potn I understood that many changes and modifications
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ther IIT and IV, as well as VII and VIII are

_each identical because after melting they form

" mixtures that have the same meilting point.

T8

According to the law regulating the action of
subetances and of the exchangeability of ions
in molten mixtures of salts it is possible to pro-

-

o the above table the mixtures Lend II, fur- DAY be made without departing from

I claim: | o . .

1. The process of generating electricity which
comprises introducing & fuel gas into a gas cell
at the gas electfode thereof where it contacts an
electrolyte comprising a fused mixture of a car-

my in- .
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-cell in which numercus different mixtures of the -
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bonate selected from the group consisting of alkall
metal earbonates and alkaline earth metal car-
bonates in admixture with a halide selected from
the group consisting of alkali metal halides and
barium chloride, the melting point of the mixture
being below 700° C., and reacts chemically there-
with, releasing electrical charges which are im-
parted to said gas electrode and simultaneously
introducing an oxygen-containing gas at the
oxygen electrode where it contacts said elec-
trolyte and reacts chemically therewith, releas-
ing electrical charges which are imparted to said
oxygen electrode, the said cell being operated at a
temperature between the melting point of the
electrolyte and 700° C.

2. The process of generating electricity which
comprises introducing a fuel gas into a gas cell
at the gas electrode thereof where it contacts an
electrolyte comprising a fused mixture of a car-
bonate selected from the group consisting of
alkali metal carbonates and alkaline earth metal
carbonates in admixture with a potassium halide,
the melting point of the mixture being helow
700° C., and reacts chemically therewith, releas-
ing electrical charges which are imparted to said
gas electrode and simultaneously introducing an
oxygen-containing gas at the oxygen electrode
where it contacts said electrolyte and reacts
chemically therewith, releasing electrical charges

which are imparted to said oxygen electrode, the

sald cell being operated at a temperature be-
tween the melting point of the electrolyte and
700° C.

3. The process of generating electricity which
comprises introducing a fuel gasinto a gas cell
at the gas electrode thereof where it contacts an
eléctrolyte comprising a fused mixture of a car-
bonate selected from the group consisting of
alkali metal carbonates and alkaline earth metal
carbonates in admixture with a sodium halide,
the melting point of the mixture being below
700° C., and reacts chemically therewith, releas-
ing electrical charges which are imparted to said
gas electrode and simultaneously introducing an
oxygen-containing gas at the oxygen electrode
where it contacts said electrolyte and reacts
chemically therewith, releasing electrical charges
which are imparted to said oxygen electrode, the
said cell being operated at a temperature be-
tween the melting point of the electrolyte and
700° C.

4. The process of generating electricity which
comprises introducing a fuel gas into a gas cell

at. the gas electrode thereof where it contacts an -

electrolyte comprising a fused mixture of a car-
bonate selected from the group consisting of
alkali metal carbonates and alkaline earth metal
carbonates in admixture with a halide selected
from the group consisting of alkali metal halides
and barium chloride, the mixture including two
alkali metal carbonates and at least one alkali
metal halide, and the melting point of the mix-
ture being below 700° C., and reacts chemically
therewith, releasing electrical charges which are
imparted to said gas electrode and simultaneous-
1y introducing an oxygen-containing gas at the
oxygen electrode where. it contacts said electro-
lyte and reacts chemically therewith, releasing
electrical charges which are imparted to sald
oxygen electrode, the said cell being - operated
at a temperature between the melting point of
the electrolyte and 700° C. _

5. The process of generating electricity which
comprises introducing a fuel gas into a gas cell
at the gas electrode thereof where it contacts an

3

electrolyte comprising a fused mixture of a car-
bonate selected from the group consisting of
alkali metal carbonates and alkaline earth metal
carbonates in admixture with a potassium halide,
the mixture including two alkali metal carbonates
and the melting point of the mixture being below
700° C., and reacts chemically therewith, releas-
ing electrical charges which are imparted to said
gas electrode and simultaneously introducing an
oxygen-containing gas at the oxygen electrode
where it contacts said electrolyte and reacts
chemically therewith, releasing electrical charges
which are imparted to said oxygen electrode, the
said cell being operated at,a temperature be-
tween the melting point of the electrolyte and
700° C. )

- 6. The process of generating electricity which
comprises introducing a fuel gas into a gas cell
at the gas electrode thereof where it contacts an
electrolyte comprising a fused mixture of a car-
bonate selected from the group consisting of
alkali metal carbonates and alkaline earth metal
carbonates in admixture with a sodium halide,
the mixture including two alkali metal carbonates
and the melting point of the mixture being helow
700° C., and reacts chemically therewith, releas-
ing electrical charges which are imparted to said
gas electrode and simultaneously introducing an
oxygen-containing gas at the oxygen electrode
where it contacts said electrolyte and reacts
chemically therewith, releasing electrical charges
which are imparted to said oxygen electrode, the
said cell. being operated at a temperature be-
tweeri the melting point of the electrolyte and
700° C.

7. The process of generating electricity which
comprises oxidizing a fuel gas at the gas elec-
trode of a gas cell by means of a carbonate con-
tained in an electrolyte comprising a fused mix-
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ture of sodium carbonate, potassium carbonate, 40

barium carbonate, sodium chloride, potassium
chloride, barium chloride, sodium fluoride, and
potassium fluoride, the melting point of the fused
mixture being below 700° C., and simultaneously
reducing oxygen gas by reaction with positively
charged ions at the oxygen electrode of the said
gas cell.

8. The process of generating electricity by oxi-
dizing carbon monoxide and hydrogen at the gas
electrode of a gas cell by means of a carbonate
contained in a fused mixture of sodium carbonate,’
potassium carbonate, barium carbonate, sodium

_chloride, barium chloride, sodium fluoride and

potassium fluoride the melting point of the fused
mixture being below 700° C., and simultaneously
reducing oxygen by reaction with positively
charged ions at the oxygzen electrode of the said
gas cell.

9. The process of generating electricity which
comprises introducing a fuel gas into a cell at
the gas electrode thereof where it contacts an
electrolyte comprising a fused mixture of a car-
bonate selected from the group consisting of alkali
metal carbonates and alkaline earth metal car-
bonates and a halide of the group consisting of
alkali metal halides and barium chloride, the
mixture including two alkali metal carbonates
and at least one alkali metal halide and having a

45

50

56

80

65

melting point below 700° C., and reacts chemically 70

therewith, releasing electrical charges which are
imparted to said gas electrode and simultaneously

.introducing an oxygen containing gas at the oxy-

gen electrode where it contacts the aforesaid elec-
trolyte and reacts chemically therewith, releas-
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ing electrical charges which are imparted to sald
oxygen electrode.

10. The process as set forth in claim 9, in
which the fuel gas is carbon monoxide and hy-
drogen.

11. The process as set forth in claim 9 in
which the electrolyte comprises a fused mixture
of sodium carhonate, potassium carbonate, bar-
ium carbonate, sodium chloride, potassium chlo-
ride, barium chloride, sodium fluoride and potas-
sium fAuoride.

12. The process as set forth in claim 1, char-
acterized in that the fused mixture constituting
the electrolyte has a melting point below 600° C.

13. The process as set forth in claim 1, char-
acterized in that theé fused mixture constituting
the electrolyte has a melting point below 500° C.

14. In a fuel cell of the class described, an elec-
trolyte comprising a fused mixture of a carbonate
selected from the group consisting of alkali metal

‘carbonates and alkaline earth metal carbonates

in admixture with a halide selected from the
group consisting of alkali metal halides and
barium chloride, the said mixture having a melt-
ing point below 700° C.

15. In a fuel cell of the class described, an elec-
trolyte comprising a fused mixture of a carbonate
selected from the group consisting of alkali metal
carbonates and alkaline earth metal carbonates
in admixture with a halide selected from the
group consisting of alkali metal halides and bar-
ium chloride, the said mixture having a melting
point below 600° C.

16. In a fuel cell of the class described, an elec-
trolyte comprising a fused mixture of a carbonate
selected from the group consisting of alkali metal

21,100
carbonates and alkaline earth metal carbonates

In admixture with a halide selected from the
group consisting of alkali metal halides and bar-
ium chloride, the said mixture having a melting

" point below 500° C,

17..In a fuel cell of the class described, an elec-

trolyte comprising a fused mixture of a carbonate -

selected from the group consisting of alkali metal

carbonates and alkaline earth metal carbonates’

and a halide of the group consisting of alkali
metal halides and barium chloride, the mixture

including two alkali metal carbonates and at least

one alkali metal halide, said mixture having a
melting point helow 700° C.
- 18. In a fuel cell of the class described, an

electrolyte comprising a fused mixture of a car- .

bonate selected from the group consisting of alkali
metal carbonates and alkaline earth metal car-
bonates and a potassium halide, the mixture in-
cluding two alkali metal carbonates, said mixture
having a melting point below 700° C. -

19. In a fuel cell of the class described, an
electrolyteé comprising a fused mixture of a car-
bonate selected from the group consisting of alkali
metal carbonates and alkaline earth metal car-
bonates and a sodium halide, the mixture includ-
ing two alkali metal carbonates, said mixture hav-
ing a melting point below 700° C.

20. In a fuel cell of the class described, an elec-
trolyte comprising a fused mixture of sodium
carbonate, potassium carbonate, barium car-
bonate, sodium chloride, potassium chloride,
barium chloride, and potassium fluoride, the
melting point of the fused mixture being below
700° C.

HERBERT H. GREGER.
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